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VEHICLE SENSING BASED PRE -CRASH 
THREAT ASSESSMENT SYSTEM 

RELATED APPLICATIONS 

[0001] This application relates to application file 
number 201-0259 entitled "Remote Sensing Based Pre-Crash 
Threat Assessment System, " which is filed simultaneously 
herewith and incorporated by reference herein. 

TECHNICAL FIELD 

[0002] The present invention relates generally to 

crash detection systems for automotive vehicles, and 
more particularly to a pre-crash threat assessment 
system for a crash detection system. 

BACKGROUND ART 

[0003] Due ' to the current density of traffic on the 
roads, motor vehicle operators are flooded with 
information. Consequently, operating a motor vehicle is 
a complex procedure in which various situations arise 
where the operator has limited, little, or no time to 
react or to manually engage safety measures. 

[0004] Many previously known crash detection systems 
have incorporated crash detection algorithms based on 
sensed data. The application of remote sensing systems 
using radar, lidar, and vision based technologies for 
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object detection, tracking, alarm processing, and 
potential safety countermeasure activation is well known 
in the art . 

[0005] Based on range and bearing information 
provided by radar, lidar or vision based sensing systems 
and additional information obtained from the host 
vehicle sensors, various algorithms have been used to 
track the paths of host and target vehicles . Algorithms 
have also been incorporated to estimate the future 
position of obstacles or vehicles in the host vehicle 
path. 

[0006] Safety systems, such as airbags and safety 
belt pre-tensioners , activate after physical contact 
occurs between two vehicles. A typical accident occurs 
within 90ms, whereas a typical airbag deploys within 
approximately 70ms. A typical motorized belt 

pretensioner requires about 200ms to reduce the slack in 
the belt system. Through accident prediction, 

additional time for safety system activation is 
generated. 

[0007] Currently, accident prediction algorithms are 
employed primarily for accident warning and avoidance 
and therefore typically cover ranges up to a few hundred 
meters ahead of the host vehicle. However, in 

unavoidable collision situations, the range under 

2 



consideration is substantially short. Therefore, damage 
minimization techniques must predict an unavoidable 
collision and deploy safety measures within a short 
time . 

[0008] The limitations associated with current 
accident damage minimization techniques have made it 
apparent that a new technique to minimize collision 
damage is needed. The new technique should predict a 
target vehicle position with respect to a host vehicle 
and should also substantially minimize the time between 
an anticipated unavoidable collision detection and 
subsequent activation of safety devices. The present 
invention is directed to these ends. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a remote, non- 
contact sensing based pre-crash threat assessment 
system. The present invention also provides a non- 
contact sensor-based pre-crash threat assessment system 
for an automobile. 

[0010] In accordance with the present invention, a 

pre-crash assessment system, which includes a host 
vehicle in motion, is disclosed. A remote sensor (or 
sensing system) , that detects a first target object 
dynamics, is coupled to the host object. Status 
monitoring sensors, that detect host object dynamics, 



are also coupled to the host object. A first safety 
device actuator, also coupled to the host object, 
activates a first safety device when a potential for 
crash is established such that a crash between the host 
object and the first target object is unavoidable. A 
first threshold for the first safety device actuator is 
defined by first safety device actuation criteria. 

[0011] A safety device controller, which is coupled 
to the host object, generates tracking signals based on 
the host object dynamics and the first target object 
dynamics. The controller also estimates future 

positions of the host object and the first target 
object. The controller further estimates whether the 
potential for crash between the host object and the 
first target object is within the first threshold for 
the first safety device actuator. The safety device 
controller further controls the first safety device 
actuator based on the first threshold criteria and other 
safety device specific actuation criteria. 

[0012] Advantages of the current invention are that 
remote sensing position and bearing information of a 
target object in the near vicinity of the host vehicle 
are used and threat assessment is made through a fast, 
robust and reliable algorithm. Fast algorithms allow 
more decision making time on the part of vehicle 
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controllers and more deployment time for safety devices 
and are therefore preferable. 

[0013] Additional advantages and features of the 
present invention will become apparent from the 
description that follows and may be realized by the 
instrumentalities and combinations particularly pointed 
out in the appended claims, taken in conjunction with 
the accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIGURE 1 is a pre-crash assessment system in 

accordance with a preferred embodiment of the present 
invention ; 

[0015] FIGURE 2 is a block diagram of a remote 

sensing based pre-crash threat assessment system in 
accordance with a preferred embodiment of the present 
invention; 

[0016] FIGURE 3 is an exemplary illustration of a 

pre-crash scenario in accordance with a preferred 
embodiment of the present invention; 

[0017] FIGURE 4 is an exemplary illustration of a 

crash scenario in accordance with a preferred embodiment 
of the present invention; and 
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[0018] FIGURE 5 is a block diagram of a pre-crash 

threat assessment and safety device activation system in 
accordance with a preferred embodiment of the present 
invention . 

DETAILED DESCRIPTION 

[0019] The present invention is illustrated with 
respect to a pre-crash threat assessment and safety 
device activation system 1, particularly suited to the 
automotive field. The present invention is, however, 
applicable to various other uses that may require pre- 
crash threat assessment, as will be understood by one 
skilled in the art. 

[0020] Referring to Figure 1, a pre-crash assessment 

system 1, including a first target object (here 
illustrated as a first target vehicle 2) imminently 
colliding with a host object (here illustrated as a host 
vehicle 3) , is illustrated. The first target object is 
an object, either stationary or in motion, that has a 
high potential for crash with the host vehicle 3 . The 
high potential for crash is generally defined as an 
object on a collision path with and less than thirty 
meters (i.e. a near zone) from the host vehicle 3. The 
host object is an object in motion, mounted with at 
least one remote sensor. The pre-crash assessment 
system includes a high frequency remote sensor (or 
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remote sensing system) 4 coupled to the host vehicle 3 . 
The sensor (or sensing system) 4 detects vehicle states 
(dynamics) of the first target vehicle 2. Examples of 
vehicle states are position and velocity. The system 1 
ideally includes at least one status monitoring sensor 
5, such as: a yaw rate sensor, a steering wheel angle 
measuring sensor, and a vehicle speed sensing means, 
coupled to the host vehicle 3 . The status monitoring 
sensors 5 provide information on the present states of 
the host vehicle 3, which are subsequently used by host 
vehicle systems, as will be discussed later. 

[0021] The first safety device actuator 6 is coupled 
to the host vehicle 3 . This actuator 6 activates the 
first safety device 7, here embodied as an airbag pre- 
arming system. The second safety device actuator 8 is 
also coupled to the host vehicle 3 . The second safety 
device actuator 8 activates a second safety device 9, 
here embodied as a motorized safety belt pre- tens ioner . 
It is important to note that numerous actuators and 
safety devices may be added to the system as needed by 
the manufacturer. 

[0022] The safety device controller 10 is also 
coupled to the host vehicle 3 . The remote sensing 
system detects the relative position of the target 
vehicle, as a function of time, with respect to the XxYi 
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coordinate system attached at the front center- line of 
the host vehicle 3 . The host vehicle sensing system 5 
detects the host vehicle dynamics in terms of the XY 
coordinate system, centered at the instantaneous center 
of rotation (A) of the host vehicle 3 . From the above 
information, the safety device controller 10 generates a 
tracking signal for the target vehicle 2 in the XY 
coordinate system, as explained in detail later. From 
the tracking signals of target and host vehicles in the 
XY coordinate system, the controller 10 predicts the 
future positions of the host and target vehicles, in the 
XY coordinate system, at a specific future time. From 
this information, the controller 10 estimates the 
position of the nearest scattering center on the target 
vehicle with respect to the host vehicle in the XiYi 
coordinate system. 

[0023] Each individual safety device has a 
substantially unique time requirement to become fully 
effective, and the decision to activate a particular 
safety device takes this unique time requirement into 
consideration. For example, the activation decision 
time for motorized belt pre- tensioners is earlier than 
for pre-arming airbags due to relatively longer 
deployment time requirements for the motorized belt pre- 
tensioners . 
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[0024] The controller 10 estimates the future 
position of the target vehicle 2, with respect to the 
host vehicle 3, at each of the activation times, which 
correspond to the safety devices under consideration. 
The controller 10 estimates whether a potential for 
crash between the host vehicle 3 and the first target 
vehicle 2 is within the first threshold criteria for the 
first safety device actuator 6, based on the activation 
time considerations of the first safety device. The 
controller 10 also estimates whether a potential for 
crash between the host vehicle 3 and the first target 
vehicle 2 is within the second threshold criteria for 
the second safety device actuator 8, based on the 
activation time considerations of the second safety 
device. In the current embodiment, the assessment is 
made by comparing the predicted x and y coordinates of 
the nearest scattering center on the target vehicle 2 
with respect to the host vehicle 3 in the X 1 Y 1 coordinate 
system at a device specific future time. Different 
tolerance values can be used for x and y coordinate 
threshold comparisons and also for individual safety 
device activation criteria, as will be explained later. 
The safety device controller 10 further sends control 
signals to the host vehicle Controller Area Network Bus 
(CAN) 11, which controls the first safety device 
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actuator 6 and the second safety device actuator 8 based 
on threat assessment evaluations, as will be understood 
by one skilled in the art . The operations of the 
controller 10 will be discussed in detail later. 

[0025] Referring to Figure 2, a block diagram of the 
remote sensing based pre-crash threat assessment system 
12, is illustrated. The current invention addresses 
only threat assessment aspects of the system 12 (for 
pre-crash sensing purposes) with radar, lidar, or vision 
sensor based remote sensing systems . 

[0026] The system 12 starts when operation block 13, 

which engages signal processing and detection 
algorithms, receives radar sensor data and predetermined 
detection thresholds. The radar sensor data is 

generated when an object impedes the radar pulse and 
reflects the pulse back to the radar sensor on the host 
vehicle. The detection thresholds are pre-set based on 
acceptable probability of detection and false alarm 
rates. Subsequently, operation block 13 sends the data 
and noise accompanying the signal, as will be understood 
by one skilled in the art, to operation block 14. The 
probability of detection and false alarm rates have 
significant effects on items such as track initiation 
and track quality. 
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[0027] Operation block 14 associates the data from 
operation block 13 and engages an obstacle tracking 
algorithm. Operation block 14 then sends the track 
estimates of the object, which is on a potential 
collision course with the host vehicle, and further 
sends the tracking error estimate signals to operation 
block 16, as will be understood by one skilled in the 
art. Host vehicle dynamic data, from the host vehicle 
dynamic sensing systems, is also sent to the operating 
block 16. 

[0028] Using this combination of received data, 
operation block 16 estimates the future states 

(positions) of the host vehicle and target vehicle and 
sends this data to operation block 18. An evaluation is 
then made in operation block 18 of the potential for 
collision of the host vehicle and the target vehicle. 
Operation blocks 16 and 18 are the threat assessment 
components of the system 12, which will be discussed in 
detail later. Subsequently, operation block 18 sends 
actuation signals to the Controller Area Network Bus 

(CAN) of the host vehicle, which engages the safety 
devices (countermeasures) , as will be understood by one 
skilled in the art . 

[0029] This invention is especially suitable for 
applications which require relatively longer 
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countermeasure deployment times, such as: motorized belt 
pre- tensioners , and certain countermeasures under 
consideration for vehicle-to-vehicle collision 

compatibility, such as: vehicle nose-dipping and bumper 
airbags. The current invention uses host vehicle 

mounted remote sensing systems, such as: radar based 
remote sensing systems, with wide fields of coverage, in 
the proximity of the host vehicle. The invention further 
uses host vehicle status monitoring sensors and remote 
sensors to accurately predict the future positions of 
both the host vehicle and the target vehicle and to 
assess future collision probabilities. These estimated 
collision probabilities are used with application 
specific countermeasure deployment logic to activate 
appropriate countermeasures, for accident damage 
mitigation . 

[0030] The embodied approach is further clarified in 
Figures 3 and 4, which illustrate an example of a pre- 
crash scenario 30 and a crash scenario 40 respectively. 
Si, S 2 , S 3 , S 4 , and S 5 are the positions of the host 
vehicle 36 at five consecutive times: ti, t 2 , t 3 , t 4 , and 
t 5 (t 5 is the approximate crash time) . T 1( T 2 , T 3 , T 4 and 
T 5 are the positions of the nearest scattering center 32 
on one of the target vehicles being tracked with the 
remote sensing system, which is mounted on the host 
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vehicle 36. Multiple scattering centers on multiple 
objects are tracked, but only the nearest scattering 
center 32 on one of the target vehicles is shown to 
illustrate the approach. R is the radial distance, and 
9 is the angle made by the nearest scattering center 32 
on the target vehicle 34 with the Yi axis of the XnYi 
coordinate system. The Yi-axis of a coordinate system 
(with origin at 0) is aligned with the front central 
line of the host vehicle 36 and moves with the host 
vehicle 36. The x and y coordinates of the nearest 
scattering center 32 on the target vehicle 34, in the 
XiYi Cartesian coordinate system moving with the host 
vehicle 36, are obtained by: 



x,= 


R^sinCG,) 


at time t], 


x 2 = 


R 2 *sin(9 2 ) 


at time t 2 , 


x 3 = 


R 3 *sin(9 3 ) 


at time t 3 , 


X4= 


R4*sin(9 4 ) 


at time t 4 , 


x 5 = 


R 5 *sin(9 5 ) 


at time t 5 , 


Y,= 


R,*cos(9i) 


at time ti , 


Y 2 = 


R 2 *cos(9 2 ) 


at time t 2 , 


Y 3 = 


R 3 *cos(9 3 ) 


at time t 3 , 


Y 4 = 


R4*cos(9 4 ) 


at time t 4 , 


Y 5 = 


R 5 *cos(9 5 ) 


at time t 5 . 



[0031] The host vehicle coordinates at times ti, t 2 , 

t 3 , t 4/ and t 5 , in the XY coordinate system, which are 
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fixed at point A (the instantaneous center of rotation 
of the host vehicle 36) are obtained by: 

X Stl =L,*cos(4'*t 1 ), 

X st 2=L 2 *cos(4'*t 2 ), 

X St 3=L 3 *cos(^*t 3 ) 5 

X St4 =L 4 *cos( **t4), 

X St5 =L 5 *cos(T*t 5 ), 

Xsu^'sinC^'t,), 

X St2 =L 2 *sin(^ *t 2 ), 

X St3 =L 3 *sin(4'*t3), 

X S t4=L 4 *sin(4 /!,! t4), and 

X St 5=L 5 *sin(^*t 5 ). 

[0032] is the host vehicle yaw rate. The 

instantaneous radius of curvature, L x , is obtained by 

(Vi/ ) , where Vi is the host vehicle velocity. 

Generally, the yaw rate update rate is slower than 

the remote sensing system update rate. Also, times t 1( 
t 2 , t 3 , t 4 , and t 5 are measured from the latest yaw rate 

( ) update time, which is used to calculate the latest 
instantaneous center of rotation (A) and the radius of 
curvature (Li) . 

[0033] Also, the host vehicle coordinates (in the XY 
coordinate system with origin at A) , at a future time 
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(At) from time t 4 are obtained from the latest yaw rate 
through the following formulas: 

[0034] X sat =L 1 *cos( *(At+t 4 )) and 

[0035] Y SAt =L 1 *sin( * (At + t 4 ) ) . 

[003 6] From the above equations, the nearest 
scattering center coordinates on the target vehicle, in 

the XY coordinate system with center at A, at times ti, 

t2, t 3 , t 4 , and t 5 , measured from the latest yaw rate 

update, are obtained from the following equations: 



X Tt i 


=X / 1 +X Stl , 


X-H2 


= X2 / +X St2 , 


Xti3 


=X3 / +Xst3, 


X Tt4 


=X 4 / +X St 4, 


Xxt5 


= X5 / +Xst5, 


Yjti 


=Y/+Y Stl , 


Yjt2 


=Y 2 / +Yst2, 


Yjt3 


=Y 3 / +Y St3 , 


Yjt4 


=Y 4 / +Y St4 , 


Yjt5 


=Y 5 / +Y St5 . 



Where x/, X 2 / , x 3 ', x/ , x 5 ' , Y/, Y 2 ' , Y 3 ' , Yj and Y 5 ', 
are obtained from X x , X 2 , X 3 , X 4 , X 5 , Y l7 Y 2 , Y 3< Y 4 
and Y 5 by the coordinate transformations between XjYx 
and XY coordinate systems at times t lr t 2 , t 3 , t 4 and 
t 5 . For example, the transformation equation for 
time ti is shown below: 
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cosQV* t y ) 


-sinOF*/,) 










cosQ¥*t { ) 





[0037] From the x and y coordinates (at time t i( t 2/ 
t 3 , t 4 , and t 5 ) for the nearest scattering center 32 on 
the target vehicle 34 in the XY coordinate system, the x 
and y components of velocities and accelerations at time 
t 4 , are calculated by numerical techniques. 

[0038] These x and y components of velocity and 
acceleration are used to predict the future position of 
the nearest scattering center 32 on the target vehicle 
in the XY coordinate system, at a future time (At) , from 
time t 4 , from the following equations of motion: 

X TAt =X Tt4 +Vx t4 * (At) +0 . 5*Ax t4 * (At) 2 and 
Y TAt =Y Tt4 +V Yt4 * (At)+0.5*A Yt4 * (At) 2 . 

Vxt4 ' A X t4 / V_ Yt4 / Ay t4 

are velocity and acceleration components in X and Y 
directions (XY coordinate system with origin at A) . n 
alternate embodiments of the current invention, 
different advanced filtering techniques such as: Alpha- 
Beta-Gamma Filtering, Kalman Filtering, and Adaptive 
Kalman filtering are used to account for the noise in 
the sensor signals and to track and accurately predict 
the future position of the host and target vehicles. 



[0039] From the position and orientation of the host 

vehicle 3 6 and the position of the target vehicle 34 (in 
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the XY coordinate system, at a future time (At) ) , the 
position of the nearest scattering center on the target 
vehicle (with respect to the X1Y1 coordinate system 
attached to the host vehicle 36) , at a future time (At) , 
is calculated through the coordinate transformation: 



X," 




?» - 





cosOF * (At + t A )) sinQ¥ * (At + t A )) 
-sin( x ¥*(At + t 4 )) cosQ¥*(At + t 4 )) 



[0040] The position of the nearest scattering center 
3 2 with respect to the coordinate system XiYi attached to 
the front of the host vehicle at a future time (At) from 
t 4 is used to assess the threat of collision. Device 
specific threshold criteria in conjunction with safety 
device specific activation logic are used to tailor 
activation of suitable countermeasures . The threshold 
criteria are given by: 

(W \ 
^ a J and 
-(L s +c)<Y &1 <d . 

[0041] W s and L s are respectively the width and length 
of the host vehicle 36. User defined variables are 
represented by a, b, c and d. 

[0042] In Figure 5, in view of Figures 1, 2, 3 and 4, 

a block diagram of the operation of a pre-crash threat 
assessment and safety device activation system, in 
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accordance with one embodiment of the present invention, 
is illustrated. 

[0043] The logic starts in operation block 52 by- 
obtaining the range (Ri) and the bearing (9i) of the 
first target object from the host vehicle remote sensor. 
Subsequently, operation block 54 activates and the 
nearest scattering center on the target object (X i; Yi) , 
in the X 1 Y 1 coordinate system, is estimated; and the 
first target object track record is updated from the 
data sent from operation block 52. 

[0044] Operation block 56 then activates and the 
radius of curvature (Li) is determined and the XY 
coordinate system is established based on host vehicle 
speed and yaw rate. Subsequently, operation block 58 
activates and logic operates, as discussed in reference 
to Figures 3 and 4, to estimate the host vehicle 
position (X sti , Y sti ) at time t ± , in the XY coordinate 
system. Subsequent estimations are conducted to track 
the host vehicle position. 

[0045] Operation block 60 then activates and the 
controller determines the nearest scattering center 
position (X Tti ,Y Tti ) of the first target vehicle at time 
t i( in the XY coordinate system. Operation block 62, 
logic, as discussed in reference to Figures 3 and 4, 
then operates to estimate the first target vehicle 
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velocity and accelerations in the XY coordinate system. 
Subsequent estimations are conducted to track the first 
target vehicle velocities and accelerations in XY 
coordinate system. 

[0046] Operation block 64 then activates to predict, 
through the equations previously mentioned, the future 
state of the host and first target vehicles in the XY 
coordinate system. The prediction of the first target 
vehicle is transformed into the host vehicle reference 
coordinate system X1Y1 in operation block 66. Finally, 
in operation block 68, the state of the first target 
vehicle is evaluated with respect to the host vehicle, 
and requirements for countermeasure activation are 
assessed . 

[0047] The current embodiment combines this efficient 
approach for threat assessment with advanced tracking 
and filtering techniques, such as: Alpha-Beta-Gamma 
Filtering, Kalman Filtering, and Adaptive Kalman 
Filtering techniques, as will be understood by one 
skilled in the art. These filtering techniques improve 
the reliability, robustness and confidence levels of the 
threat assessment predictions, without significantly 
sacrificing processing speeds, as will be understood by 
one skilled in the art. 
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[0048] In operation, the yaw rate sensor and the 

vehicle speed sensors on the host vehicle are used to 
track the position of the host vehicle in the XY 
coordinate system, which is located at the instantaneous 
center of rotation of the host vehicle. In response to 
these signals, logic operates within the controller to 
track the position, velocity and acceleration of the 
host vehicle and to calculate a future position of the 
host vehicle in the XY coordinate system. When a first 
target object comes in the range of the radar sensor on 
the host vehicle, logic operates to track the target 
object and estimate the target object velocity, 
acceleration and future position with respect to the XY 
coordinate system. A calculation is then made to obtain 
the relative position of the target vehicle with respect 
to the host vehicle at a future time in the host 
vehicle -based coordinate system (XiYx coordinate system) . 
Relative position information in the X 1 Y 1 coordinate 
system, corresponding to the activation decision times 
of the individual safety devices, is compared to safety 
device specific tolerance criteria. The threshold 

comparison, along with safety device specific activation 
criteria, is used, by the controller, to send the signal 
to activate the safety device. 
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[0049] From the foregoing, it can be seen that there 
has been brought to the art a new non- contact and 
vehicle sensing based pre-crash threat assessment 
system. It is to be understood that the preceding 
description of the preferred embodiment is merely 
illustrative of some of the many specific embodiments 
that represent applications of the principles of the 
present invention. Numerous and other arrangements 

would be evident to those skilled in the art without 
departing from the scope of the invention as defined by 
the following claims. 
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